The effect of R plasmids on spontaneous and radiation (ultraviolet and gamma) -induced mutability in Pseudomonas aeruginosa was studied in strains containing the radiation-sensitive markers polA3 or rec-2 and the revertable auxotrophic markers hisO27 and trpBl. In the absence of an R plasmid, the radiation-induced mutability was dependent on the recA+ genotype and independent of the polAt genotype, whereas spontaneous mutability was similar in all genetic backgrounds. R plasmids pPL1, R2, and pMG15 increased the ultraviolet radiation survival and ultraviolet-induced mutability of wild-type and polA host cells but did not alter either effect in a recA mutant. These R plasmids also increased the gamma radiation survival and gamma-induced mutability of wild-type host cells but did not alter either effect in a polA or recA mutant. R plasmids pPL1, R2, and pMG15 also enhanced the level of spontaneous mutagenesis in wild-type host cells but not in a polA or recA mutant. These data suggested that a common plasmid gene product(s) may participate in various recA-dependent, error-prone deoxyribonucleic acid repair pathways of P. aeruginosa. The properties of a mutant R plasmid, pPL2, originally selected because it lacked enhanced ultraviolet-induced mutability, supported this conclusion.
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Some R plasmids (17, 18) and FP plasmids (22) of Pseudomonas aeruginosa can decrease the UV light sensitivity of host cells (UV protection) and enhance the UV-induced mutability of several auxotrophic markers in P. aeruginosa. This suggests that these plasmids contribute to the error-prone repair processes of the organism. Furthermore, studies of repair-deficient mutants of P. aeruginosa containing various R plasmids (17, 18) , as well as similar studies of Escherichia coli (23, 24) and Salmonella typhimurium (21) with R plasmid R46 (and its derivatives), indicate that plasmid-mediated UV protection is dependent on a recA+ genotype, not on the presence of the utr' or polA+ genotype.
This study was initiated to determine whether there is a similar genotypic dependence of Rplasmid-enhanced spontaneous and radiationinduced mutability in P. aeruginosa. To facilitate this study, one strain containing the revertable auxotrophic markers hisO27 and trpBl, as well as the previously defined rec-2 allele (4), and a second strain containing the same revertable auxotrophic markers and the polA3 allele (15) were constructed. Cells carrying the polA3 allele are phenotypically similar to polA mutants of E. coli (7). They show increased sensitivity to UV and gamma irradiation and treatment with methyl methanesulfonate or N-methyl-N'-nitro-N-nitrosoguanidine, as well as a reduced ability to reactivate phage E79 treated with UV or methyl methane sulfonate (15) . Cells carrying the recombination-deficient mutant allele rec-2 (4) are phenotypically similar to the recA mutants of E. coli (5).
The survival of repair-proficient and repairdeficient strains after UV and gamma irradiation in the presence or absence of the UV-protecting R plasmids pPL1 (18), R2 (17) , and pMG15 (17) was determined. The levels of spontaneous and radiation-induced back-mutations to prototrophy of the auxotrophic markers his027 and trpBl were also determined for these strains. Fig. 2 . In general, the R plasmids showed similar patterns of alteration in cell survival; R2, pMG15, and pPL1 increased UV survival of GMC154 rec-2+ polA3+ ( Fig. 2A ) and, to a lesser extent, GMC 160 rec-2+ polA3 (Fig. 2C ) but failed to alter that of GMC156 rec-2polA3+ (Fig. 2B) . The R plasmids also increased the gamma survival of GMC154
( Fig. 2D ) but failed to alter that of GMC156 (Fig. 2E) or GMC160 (Fig. 2F) . Spontaneous back-mutation of the trpBl and hisO27 markers. To determine the levels of mutability, two auxotrophic markers, hisO27 (20) and trpBl (formerly trpFl; 3), which showed detectable levels of spontaneous backmutation to his+ and trp+ were used. the level of back-mutation to his' and trp+, hisO27 and trpBl were combined within a single genetic background (see Materials and Methods). The repair-deficient markers polA3 (15) and rec-2 (4) could also be introduced into this genetic background.
The introduction of rec-2 (GMC156) orpolA3 (GMC160) did not significantly alter the level of spontaneous back-mutation of hisO27 or trpBl (Table 2) . In strain GMC154, the presence of R plasmids increased the spontaneous back-mutation to trp+ of the trpBl marker: 13-fold for pMG 15 , 5-fold for R2, and 4-fold for pPL1. Backmutation to his' of hisO27 was greatly increased by the presence of the R-plasmids ( Table 2 ). The R plasmids were transferred to GMC156, containing the allele rec-2, and no increase in spontaneous back-mutation to trp+ or his+ compared with that of GMC156 was observed. Thus, the ability of these R plasmids to protect host cells against the lethal effects of UV and gamma irradiation and enhance spontaneous mutability is dependent on the recA+ genotype.
R plasmid pPL2 (16) is a mutant derivative of pMG2 and was originally selected because it lacked the plasmid-mediated, enhanced, UV-induced mutability of trpBl. Strains carrying pPL2 also show an inability to increase the survival of wild-type host cells after UV irradiation (16) . Strain GMC154 harboring pPL2 was tested for the level of spontaneous back-mutation to trp+ and his+. No significant increase in the level of spontaneous back-mutation of trpBl or hisO27 compared with that of GMC154 was observed (Table 2) . It therefore appears that a common plasmid-mediated function is involved in alterations of cell survival after UV irradiation and enhancement of spontaneous mutability in P. aeruginosa.
In strain GMC160, the presence of R plasmids did not significantly increase the level of spontaneous back-mutation of trpBl or hisO27 (Table 2).
A pol+ derivative (GMC164) of GMC160 was obtained as a trpBJ+ methyl methane sulfonateresistant recombinant of GMC160 after FP2 conjugation with donor strain PAO170. When R plasmid pPL1 was introduced into GMC164, the level of spontaneous back-mutation of hisO27 to his+ was similar to that of GMC154 containing R plasmid pPLI (Table 2) . Similar results were obtained for R plasmids pMG15 and R2 (unpublished data).
UV-induced and gamma-induced backmutation of the trpBl and hisO27 markers. GMC160 (pPL1) 9.3 ± 3.6 2.5 1.5 ± 0.9 3.8 GMC160(R2) 3). In GMC160 the presence of R plasmids produced a similar increase in the level of UVinduced back-mutation of trpBR and a slight increase in UV-induced back-mutation of hisO27. In GMC156 the R plasmids failed to alter the level of back-mutation of trpBl or hisO27; no UV-induced back-mutations to trp+ or his' were detected (data not shown).
In GMC154 and GMC160 only a small increase in the number of trp+ back-mutations per plate was observed after gamma irradiation.
This increase was not observed for strain GMC156. GMC154 containing an R plasmid (pPLI, R2, or pMG15) showed an increase in the yield of gamma-induced back-mutations for both trpBl and hisO27. In the presence of an R plasmid, trpBl appears less mutable by gamma irradiation than by UV irradiation, whereas hisO27 is mutable by gamma irradiation but not UV irradiation. GMC156 (data not shown) or GMC160 containing an R plasmid showed no consistent increase in gamma-induced back-mu- ) , into which the previously described repair-deficient mutant alleles polA3 and rec-2 could be introduced was constructed. The resulting strains (GMC154, GMC156, and GMC160) have enabled us to study the genotypic dependence of spontaneous and radiation-induced mutability, in the presence or absence of R plasmids (pPLI, R2, and pMG15), in this organism.
The mutagenic responses to UV irradiation shown by the trpBl marker are similar to those of a variety of auxotrophic markers tested in E. coli (25) . For E. coli, it is considered that the production of mutants after UV irradiation, based on the back-mutation to prototrophy of a sensitive auxotrophic marker, is dependent on the recA+ genotype (25) and is the result of an inducible error-prone repair system (25) .
In P. aeruginosa, it appears that the UV induction of back-mutations to prototrophy is similarly dependent on the recA+ genotype, although the presence of an inducible repair system has not been established.
R plasmid R46 (and its derivatives) in E. coli (24) and S. typhimurium (21) decreases UV sensitivity and enhances UV mutagenesis in the wild type and uvr and polA mutants but not in recA mutant host cells. This suggests that this plasmid exerts its effect by contributing to the error-prone repair system of the cell (21, 23, 24) . The results presented for R plasmids pPL1, R2, and pMG15 indicated that there was a similar genotypic dependence for the expression of plasmid-mediated alterations to UV survival and the enhancement of UV-induced mutability in P. aeruginosa. The R plasmids also increased the gamma survival and gamma-induced mutability in wild-type host cells, but neither effect was observed in a polA or recA mutant. Thus, based on the inability of these R plasmids to enhance the level of gamma-induced mutability in a polA mutant, a strain in which enhanced UV-induced mutability is detected, a distinction can be drawn between plasmid-mediated processes leading to UV-and gamma-induced mutability in P. aeruginosa. This distinction may reflect the operation of a plasmid gene product(s) in differing modes of mutagenesis, having a common requirement for the recA+ genotype.
R-plasmid-mediated enhancement of spontaneous and gamma-induced mutability shows a common genotypic dependence for expression. These plasmid effects are not detected in a polA or recA mutant background. Therefore, spontaneous back-mutation to prototrophy may be the result of plasmid-mediated processes similar to those that act on damage to DNA after gamma irradiation. Previous evidence with the UV-protecting R plasmid R-Utrecht in S. typhimurium also indicates a correlation between the enhancement of spontaneous mutability and that of gamma mutability rather than UV mutability (19) .
Evidence from E. coli (2), based on the isolation of a mutant altered in its mutagenic responses to UV but not gamma irradiation, suggests that different modes of mutagenesis (called constitutive and inducible [1] ) are present in excision-proficient (uur') strains of E. coli. As- suming that similar modes of mutagenesis exist in P. aeruginosa, then this study indicates that these UV-protecting R plasmids may be capable of enhancing both modes of mutagenesis and that a common plasmid product(s) participates in these recA-dependent, error-prone DNA repair pathways.
